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Abstract: We present the case of a patient with flexor digitorum profundus tendon laceration at the A2 pulley level caused 
by an injury to the base of the right ring finger by a knife. The patient was treated by flexor tendon reconstruction from 
the palm to the fingertip by using the left second toe flexor tendon as a graft, which improved the active range of motion. 
Further improvement was achieved by subsequent tenolysis, which eventually restored nearly normal function. Our 
experience with this case indicates that the intrasynovial tendon is a reasonable graft source for the synovial space in 
fingers and may enable restoration of excellent postoperative function. 
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INTRODUCTION 

Flexor tendon grafting in patients with chronic flexor 
tendon injury in the finger does not always provide 
satisfactory outcomes [1-4]. The outcomes are influenced by 
the surgical technique [2,5], state of the digital pulleys or the 
neurovascular bundles [1], passive range of motion (ROM) 
of the finger joints [6], age of the patient [3,4], and adherence 
to the postoperative rehabilitation program [7,8]. On the 
other hand, it remains to be determined whether the source 
of the graft affects the postoperative outcomes. The palmaris 
longus tendon and the plantaris tendon, both of which are 
extrasynovial tendons, are the most popular graft sources 
used for flexor tendon reconstruction because they are easy 
to harvest without donor site morbidity. However, 
intrasynovial tendon grafts have been theoretically regarded 
as a more ideal source of tendon grafts since these grafts 
have been shown to have superior biologic and biomechanic 
properties compared to extrasynovial tendon grafts in the 
synovial space [9-12]. Leversedge et al. first reported the 
outcomes in 8 cases of flexor tendon injuries, wherein the 
second toe flexor tendon was utilized as the intrasynovial 
graft [13]; according to their study, the outcomes have been 
favorable, but not necessarily superior to those of the 
conventional procedure. No subsequent reports have been 
published on intrasynovial tendon grafts. Here, we report the 
excellent outcomes associated with intrasynovial tendon 
grafting in a patient with chronic flexor tendon laceration of 
the finger. The patient was informed that the case would be 
submitted for publication, and his consent was obtained. 
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CASE REPORT 

The patient was a 25-year-old, right-handed man 
presenting with limited flexion of his right ring finger. He 
had sustained a knife injury at the base of the right ring 
finger. He visited a surgeon at a local clinic, who sutured the 
wound; the patient was then informed that the flexor tendon 
was intact. However, since the limited flexion persisted even 
4 months after the injury, he was referred to our hospital. On 
examination, the active ROM of the right ring finger was 
found to be 88°, 68°, and 12° of flexion and 0°, 10°, and 0° 
of extension for the metacarpophalangeal (MP) joint, 
proximal interphalangeal (PIP) joint, and distal 
interphalangeal (DIP) joint, respectively. The total active 
motion (TAM) was 168° (percent TAM, 62%) (Fig. 1). Grip 
strength was 24 kg for the right hand and 41 kg for the left 
hand. The disabilities of the arm, shoulder, and hand 
(DASH) score was 31 points. 

The patient was diagnosed with flexor digitorum 
profundus (FDP) tendon laceration at the A2 pulley level. 
Flexor tendon reconstruction from the palm to the fingertip 
was then performed using the left second-toe flexor tendon 
as a graft at 5.5 months after the injury, under general 
anesthesia. The left side was chosen because his right foot 
was dominant. Through a volar zigzag skin incision, the 
involved flexor system was exposed from the A2 to the A5 
pulleys. All pulleys were intact. Frayed and degenerated 
distal stump and enlargement of the swollen proximal stump 
of the FDP tendon were noted (Fig. 2). The flexor digitorum 
superficialis (FDS) tendon was found to have been 
transected and attached to the PIP joint volar plate. A 
separate skin incision was made over the Al pulley to locate 
the proximal stump of the FDP tendon. 

The left second-toe flexor tendon was harvested by the 
method described by Leversedge et al. [13]. Thereafter, the 
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Fig. (1). Active motion of the ring finger at the first visit to our 
institution. Total active motion (TAM) was 168°. (A) full 
extension. (B) limited flexion of the distal interphalangeal (DIP) 
and proximal interphalangeal (PIP) joints. 



grafted tendon was advanced distally through a series of 
fibrous pulleys in the ring finger. Since the graft was not 
easily maneuvered through the A2 pulley with the FDS 
tendon attached to the volar plate, the FDS tendon was cut. 
The size and shape of the graft tendon were suitable for the 
ring finger synovial space. A distal juncture was created by a 
modification of the classic Bunnell tendon-to-bone pull-out 
technique. For the proximal juncture, 3 weaves of the grafted 
tendon were applied to the proximal stump of the FDP 
tendon (Fig. 3). 




Fig. (2). The distal stump of the flexor digitorum profundus tendon 
is frayed and degenerated. The proximal stump is swollen and 
degenerated. FDP: flexor digitorum profundus, 



On postoperative day 1, modified Kleinert's early motion 
was initiated with a dorsal extension block splint, and active 
flexion was initiated 3 weeks after surgery. At 7 months after 



surgery, the TAM was 194° (percent TAM: 71%). Magnetic 
resonance imaging (MRI) of the ring finger revealed that the 
configuration of the grafted tendon was almost normal (Fig. 

4) . Since the patient wished to gain further active flexion of 
the right ring finger, tenolysis was performed 7 months after 
surgery. The appearance of the graft tendon from the second 
toe was normal, without apparent degenerative findings (Fig. 

5) . Adhesion was observed from the palm to the insertion 
point at the base of the distal phalanx, especially, at the 
proximal juncture site in the extrasynovial area. Release of 
the grafted tendon from the surrounding structures was easily 
accomplished. Immediate active ROM exercises were 
encouraged. At 1.5 years after tenolysis, the active ROM was 
90° of flexion and 12° of extension for the MP joint, 100° of 
flexion and 16° of extension for the PIP joint, and 80° of 
flexion and -2° of extension for the DIP joint. TAM was 
268° (percent TAM: 99%) (Fig. 6). Grip strength was 46 kg 
for the right hand. The DASH score was 5.8 points. 
Although limited flexion of the second toe was evident, the 
patient's gait was normal and he experienced no further 
morbidity at the donor site. 




Fig. (3). The flexor tendon of the second toe was bridged between 
the distal phalanx and the proximal stump of the flexor digitorum 
profundus (FDP) tendon of the ring finger. The shape and glistening 
appearance of surface of the grafted tendon are similar to those of 
the original FDP tendon. 



DISCUSSION 

Previous experimental studies have shown that intrasynovial 
tendon grafts have 2 distinct advantages over extrasynovial 
tendon grafts, both in vivo and in vitro. An in vivo animal study 
in dogs showed that an intrasynovial tendon graft within the 
digital sheath was histologically viable and normal, and that no 
adhesion occurred between the grafted tendon and the digital 
sheath at the so-called no man's land [14]. This early finding 
was further verified in the 1990s. Use of canine models clearly 
demonstrated that compared to extrasynovial tendon grafts, 
intrasynovial tendon grafts are associated with less tenocyte 
death and less adhesion around the tendon. These observations 
are consistent with those noted an in vitro study on a human 
cadaver, which showed that the FDP tendon glides through the 
A2 pulley with less friction than the palmaris longus tendon 
[15]. 
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Fig. (4). Magnetic resonance imaging of the ring finger before tenolysis. (A) Tl -weighted sagittal view showing the grafted flexor tendon 
with low signal intensity. Cross-sectional view of the ring finger at the level of the proximal phalanx (B) and middle phalanx (C). The cross- 
sectional area of the grafted flexor tendon was similar to that of the adjacent digit. 





Fig. (5). The grafted tendon after tenolysis, with an appearance 
similar to a normal FDP tendon. 

We assumed that the limited improvement in digital 
motion after the first surgery was due to the adhesion of the 
grafted tendon at the proximal suture site in the palm. Since 
the subsequent MRI showed that the configuration of the 
grafted tendon was almost normal, with normal low signal 
intensity, we expected that tenolysis would result in normal 
gliding with good transmission of force. Adhesions were 
noted throughout the synovial space, up to the proximal 
suture site in the palm of the extrasynovial area, but those in 
the latter area were of the greatest significance. This 
observation is consistent with the findings of the 
abovementioned animal studies and those in the cases of 
tenolysis after intrasynovial tendon grafting reported by 
Leversedge etal [13]. 

Hyperextension of the MP and PIP joints was possible for 
our patient, indicating nearly normal function of the ring finger 




Fig. (6). Active motion of the ring finger at 1.5 years after 
tenolysis. Note the nearly full extension (A) and flexion (B). TAM 
was 268°. 
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after the second surgery. The active ROM in our patient may be 
regarded as one of the best results of flexor tendon 
reconstruction in adults, when considering the findings of recent 
case series [16-18]. We have never previously experienced such 
a significant improvement with conventional extrasynovial 
tendon grafting, even in children [4]. However, the results of 
conventional tendon grafting in our case may have been 
comparable to that of intrasynovial tendon grafting because of 
the good condition of the patient. 

Patient-oriented questionnaires have rarely been used for the 
assessment of outcomes after flexor tendon reconstruction [18]. 
Such questionnaires should also facilitate the evaluation of the 
outcomes of tendon surgery. We observed a significant 
improvement in the DASH score in our patient, which we 
believe is attributable to the successful functional recovery of 
the ring finger. 

The sheath mechanism of the second-toe flexor tendon is 
known to be similar to that of the finger tendons, and the length 
of the second-toe flexor tendon has been shown to be sufficient 
for fingers, if the proximal suture is placed in the palm [19]. 
Seiler et al. also showed that the intrasynovial tendons of the 
hand and foot are similar in vascularity, cellularity, gliding 
surface, and ultrastructure [20] . 

Compared to second- toe intrasynovial tendon grafting, 
conventional extrasynovial tendon grafting is less invasive in 
terms of donor- site morbidity. In fact, our patient did experience 
some donor- site morbidity, namely, loss of flexion of the 
second toe interphalangeal joints. However, the patient did not 
complain of any pain in the foot or the toe and can walk and 
even run without any difficulties. Despite the limited donor- site 
morbidity associated with the technique, sparing the second-toe 
flexor tendon would have been preferable for digital flexor 
tendon reconstruction. An alternative procedure for tendon 
grafting involves modifying the surface of the extrasynovial 
tendon; a tendon substitute has also been extensively 
investigated [21, 22]. However, until these procedures are 
available for clinical use, the intrasynovial tendon can serve as a 
reasonable graft source for the synovial space in fingers and 
may enable restoration of excellent postoperative function. 

CONFLICT OF INTEREST 

The authors confirm that this article content has no conflict 
of interest. 

ACKNOWLEDGEMENTS 

Declared none. 
REFERENCES 

[1] Boyes JH, Stark HH. Flexor-tendon grafts in the fingers and thumb. A 

study of factors influencing results in 1000 cases. J Bone Joint Surg Am 

1971; 53(7): 1332-42. 
[2] Pulvertaft RG. Tendon grafts for flexor tendon injuries in the fingers 

and thumb. A study of technique and results. J Bone Joint Surg Br 

1956; 38(1): 175-94. 



[3] Tonkin M, Hagberg L, Lister G, Kutz J. Post-operative management of 
flexor tendon grafting. J Hand Surg Br 1988; 13(3): 277-81. 

[4] Yamazaki H, Kato H, Uchiyama S, Iwasaki N, Ishikura H, Minami A. 
Long term results of early active extension and passive flexion 
mobilization following one-stage tendon grafting for neglected injuries 
of the flexor digitorum profundus in children. J Hand Surg Eur 2011; 
36(4): 303-7. 

[5] Strickland JW. Delayed treatment of flexor tendon injuries including 

grafting. Hand Clin 2005; 21(2): 219-43. 
[6] Coyle MP Jr, Leddy TP, Leddy JP. Staged flexor tendon reconstruction 

fingertip to palm. J Hand Surg Am 2002; 27(4): 581-5. 
[7] Freilich AM, Chhabra AB. Secondary flexor tendon reconstruction, a 

review. J Hand Surg Am 2007; 32(9): 1436-42. 
[8] McClinton MA, Curtis RM, Wilgis EF. One hundred tendon grafts for 

isolated flexor digitorum profundus injuries. J Hand Surg Am 1982; 

7(3): 224-9. 

[9] Seiler JG 3rd, Gelberman RH, Williams CS, et al. Autogenous flexor- 
tendon grafts. A biomechanical and morphological study in dogs. J 
Bone Joint Surg Am 1993; 75(7): 1004-14. 

[10] Uchiyama S, Amadio PC, Coert JH, Berglund LJ, An KN. Gliding 
resistance of extrasynovial and intrasynovial tendons through the A2 
pulley. J Bone Joint Surg Am 1997; 79(2): 219-24. 

[11] Gelberman RH, Seiler JG 3rd, Rosenberg AE, Heyman P, Amiel D. 
Intercalary flexor tendon grafts. A morphological study of intrasynovial 
and extrasynovial donor tendons. Scand J Plast Reconstr Surg Hand 
Surg. 1992; 26(3): 257-64. 

[12] Amiel D, Harwood FL, Gelberman RH, Chu CR, Seiler JG 3rd, 
Abrahamsson S. Autogenous intrasynovial and extrasynovial tendon 
grafts: an experimental study of pro alpha 1(1) collagen mRNA 
expression in dogs. J Orthop Res. 1995; 13(3): 459-63. 

[13] Leversedge FJ, Zelouf D, Williams C, Gelberman RH, Seiler JG 3rd. 
Flexor tendon grafting to the hand: an assessment of the intrasynovial 
donor tendon- A preliminary single-cohort study. J Hand Surg Am 
2000; 25(4): 721-30. 

[14] Potenza AD. The healing of autogenous tendon grafts within the flexor 
digital sheath in dogs. J Bone Joint Surg Am 1964; 46: 1462-84. 

[15] Uchiyama S, Amadio PC, Ishikawa J, An KN. Boundary lubrication 
between the tendon and the pulley in the finger. J Bone Joint Surg Am 
1997; 79(2): 213-8. 

[16] Bertelli JA, Santos MA, Kechele PR, Rost JR, Tacca CP. Flexor tendon 
grafting using a plantaris tendon with a fragment of attached bone for 
fixation to the distal phalanx: a preliminary cohort study. J Hand Surg 
Am 2007; 32(10): 1543-8. 

[17] Ay din A, Topalan M, Mezdegi A, Sezer I, Ozkan T, Erer M, Ozkan S. 
Single-stage flexor tendoplasty in the treatment of flexor tendon 
injuries. Acta Orthop Traumatol Turc 2004; 38(1): 54-9. 

[18] Unglaub F, Bultmann C, Reiter A, Hahn P. Two-staged reconstruction 
of the flexor pollicis longus tendon. J Hand Surg Br 2006; 31(4): 432-5. 

[19] Chacha P. Free autologous composite tendon grafts for division of both 
flexor tendons within the digital theca of the hand. J Bone Joint Surg 
Am 1974; 56(5): 960-78. 

[20] Seiler JG 3rd, Reddy AS, Simpson LE, Williams CS, Hewan-Lowe K, 
Gelberman RH. The flexor digitorum longus: an anatomic and 
microscopic study for use as a tendon graft. J Hand Surg Am 1995; 
20(3): 492-5. 

[21] Zhao C, Sun YL, Ikeda J, Kirk RL, Thoreson AR, Moran SL, An KN, 
Amadio PC. Improvement of flexor tendon reconstruction with 
carbodiimide-derivatized hyaluronic acid and gelatin-modified 
intrasynovial allografts: study of a primary repair failure model. J Bone 
Joint Surg Am 2010; 92(17): 2817-28. 

[22] Murphy KD, Mushkudiani IA, Kao D, Levesque AY, Hawkins HK, 
Gould LJ. Successful incorporation of tissue-engineered porcine small- 
intestinal submucosa as substitute flexor tendon graft is mediated by 
elevated TGF-betal expression in the rabbit. J Hand Surg Am 2008; 
33(7): 1168-78. 



Received: January 24, 2013 



Revised: June 8, 2013 



Accepted: June 9, 2013 



© Sasaki et al. ; Licensee Bentham Open. 

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.Org/licenses/by-nc/3.0/) 
which permits unrestricted, non-commercial use, distribution and reproduction in any medium, provided the work is properly cited. 



